The effect of mechanical stress on Barkhausen noise from 45-permalloy plate is reported for as-rolled plate and plates which are annealed at various temperatures up to 1000 K. The data are compared with data of magnetic permeability, coercive force and Vickers hardness. The Barkhausen noise energy detected has been found to increase linearly with nominal stress. The larger the annealing temperature, the less the rate of increase was observed. On the other hand, the magnetic permeability has been found to decrease linearly with nominal stress in a small stress region. Overall features are explained qualitatively by a model in which tensile stress makes the number of effective pinning sites which have appropriate activation energies for discontinuous motion of domain wall more, while annealing process makes just the number of pinning sites such as defects and grain boundaries less.
Introduction
When varying magnetic field is applied to a ferromagnetic material, the magnetization shows discontinuous change due to discontinuous domain wall motion which induces magnetic Barkhausen noise in a pickup coil. The magnetic Barkhausen noise measurements have been reported and discussed in relation to heat treatment, grain size, strain, and hardness [1, 2] . However, still a mechanism of the generation of the Barkhausen noise has not been well understood and the measurements are not established as a popular method for non-destructive test (NDT). It has been known that mechanical stress applied to a ferromagnetic material has an effect on the Barkhausen noise from the material [3] . It was found that the Barkhausen noise amplitude in XC10 French steel increases with increasing tensile stress [3] . On the other hand, the stress response of rms value of Barkhausen noise for steel concrete reinforcement cables was found that the rms value steadily decrease as a function of tensile stress up to a level of 1000 MPa [4] . Also the Barkhausen noise energy detected in pure nickel plate has been found generally to decrease with nominal stress [5] . In view of these somewhat conflicting results, it was decided to do experimental study on permalloy specimen which is one of the magnetically softest ferromagnetic materials. The effect of mechanical stress on Barkhausen noises from rolled thin plates of 45-permalloy is reported. The effect has also examined for the plates which are annealed at various temperatures up to 1000 K.
Experimental Results and Discussion
45-permalloy plates which were prepared by rolling with a thickness of 0.20 mm supplied by the Nilaco Corporation with chemical compositions of Ni of 45 %, Fe(+ Co) of 55 %, C less than 0.08 % and Mn less than 0.5 %, a specific weight of 8.25 and Vickers hardness of about 240 was used as a starting specimen. A stress is applied using a stepping motor and a ball-screw motion controller. The stress is measured using a load cell unit. The output voltage from the load cell is amplified by an amplifier and transferred to 16-bit AD board built in a PC. A pair of magnetizing coils with 600 turns and a detecting coil with 500 turns were directly wound over the specimen to observe Barkhausen noise only from the sample itself [5] . The load of the detecting coil was 10 k  .The magnetic field was swept from -0.02 T to 0.02 T (=200 Oe) in sinusoidal wave form with a frequency of 0.5 Hz. The Barkhausen noise voltage was amplified by a low-noise preamplifier followed by a band-pass filter with a frequency range from 1 kHz to 100 kHz, and transferred to 16-bit AD board built in an another PC. Examples of one-shot and rms voltage profiles of Barkhausen noise from a starting specimen of a rolled 45-permalloy plate at stress levels of 0 and 150 MPa are shown in Fig.1 . The profiles of externally applied magnetic fields are also shown.
One-shot voltage profile is different in every run because the Barkhausen noise is essentially a noise, and root-mean-square (rms) voltage profiles averaged over 100 times are shown in Fig.1 . The effect of the tensile stress to this material is apparently an increase of the Barkhausen noise as in XC10 French steel. The starting specimen of the rolled 45-permalloy plate is annealed at 400, 500, 600, 700, 800, 900 and 1000 K for 1 hour in a temperature-controlled furnace and cooled slowly down to room temperature in the furnace. A parameter, the Barkhausen noise energy (BNE), which is defined as the total electric energy integrated over a single sweep of externally applied field for a 10 k  resistance load on a detecting coil, is proposed [6] . Each specimen was given a constant stress step by step, rms Barkhausen noise profile was measured in each step, and the magnitude of the BNE was calculated. The magnitude of BNE is shown in Fig.2 
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for the rolled 45-permalloy plates of the starting material and specimens annealed at various temperatures. It is seen that the Barkhausen noise energy increases linearly with nominal stress for all specimens. The larger the annealing temperature, the less the rate of increase is observed.
The magnetic permeability  was measured with a handy apparatus, Doctor  , produced by Aichi Steel Corporation, during the tension test for the rolled 45-permalloy plates of the starting material. The magnitude of the magnetic permeability is shown in Fig.3 as a function of nominal stress for this specimen. The magnitude of the permeability decreases linearly in a small stress range, which is confirmed to be in an elastic range from a tension test, in a just opposite way against the BNE. This indicates that the tensile stress makes the material magnetically harder. This effect due to the tensile stress was confirmed also by a measurement of a coercive force H c before and after the tensile test, where H c of about 35 Oe in the starting material decreased to about 25 after annealing with temperatures higher than 800 K, which recovered to about 35 after the fracture due to the tension test. The Vickers hardness H V of the 45-permalloy plate was also measured and it was found that H V remains constant with a value of about 240 up to the annealing temperature of 800 K, which is considered to be a recrystallization temperature, while it decreased to 180 and 140 when the specimen is annealed at 900 and 1000 K, respectively. The values of H V of 180 and 140 were increased to 190 and 175, respectively, after the fracture due to the tension test. From these features, the experimental results in Fig.2 are interpreted qualitatively as follows. The tensile stress distorts the local crystal structure of the polycrystalline material. The distortion makes the local crystal magnetically anisotropic and the easy axis of the magnetization is not continuous anymore near crystal defects or grain boundaries. Thus, activation energy is necessary for the motion of magnetic domain wall to overcome the difference of the anisotropy energy across the pinning sites such as crystal defects or grain boundary. This discontinuous domain wall motion induces the magnetic Barkhausen noise in a pickup coil. The number of effective pinning sites which have sufficient activation energy to make discontinuous motion increase with the tensile stress. The annealing process makes just the number of defects and grain boundaries less. This seems to be the origin of the experimental result that BNE is proportional to nominal stress. It seems to be possible to know the internal stress from the measurements of the Barkhausen noise in this kind of magnetically soft material like 45-permally. On the other hand, the stress dependence of BNE in nickel plate, where BNE was found generally to decrease with nominal stress, was interpreted by a newly proposed model of "existing of preferable conditions for Barkhausen noise observation" [5] . If the specimen becomes magnetically too hard, tensile stress pull out the Barkhausen jumps from observable conditions of the apparatus and makes BNE less. 
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